In polygynous mating systems, sexual selection can drive the evolution of male characters beneficial to winning fights for mates (intrasexual selection), for improving the mating success of males through mate choice (intersexual selection), or both. However, it may be difficult to disentangle the relative contributions of intra and intersexual selection on multiple traits that may be of dual utility. We used field arena trials to determine which morphological traits best explained male fighting ability and male mating success in 2 species of chameleons in Madagascar, Furcifer labordi and Furcifer verrucosus. In F. labordi, male fighting success was best predicted by body size and size-corrected shorter rostral appendages and male mating success was best predicted by width of the rostral appendage and body size. In F. verrucosus, we found strong intrasexual selection for increased male body size and fewer counted dorsal cones, a trait that may correspond to increased age and experience. Although females in this species are generally passive toward courting males, male mating success with potentially receptive females is highly variable. Fewer counted dorsal cones and larger size-corrected casque height best explained male mating success; traits that may be selected by the female and/or correlated with increased age and experience. Although difficult to determine the relative contributions of intra and intersexual selection on traits with dual benefits (both fighting and mate choice), we documented both types of selection on body size and secondary sexual characters in these 2 chameleon species.
S exual selection affects traits that enhance fitness by way of increased mating success (Endler 1983; Andersson 1994; Wikelski and Trillmich 1997; Weatherhead and Dufour 2005; Husak and Fox 2008) . In polygynous mating systems, sexual selection may favor traits that are beneficial to males for fighting for mates (intrasexual selection), for improving mating success through mate choice (intersexual selection), or both. Traits under intrasexual selection often are potential indicators of fighting ability (Berglund et al. 1996; Jenssen et al. 2000; Pratt et al. 2003; Emlen et al. 2005; Lappin et al. 2006; Meyers et al. 2006) , but these may also serve a dual purpose of improving mating success during courtship and be under concomitant intersexual selection (Berglund et al. 1996; McGlothlin et al. 2005) . Conversely, traits that first evolved through intersexual selection may later evolve as adaptive during male-male contests (Benson and Basolo 2006; Morris et al. 2007 ). Thus, it may be difficult to disentangle the relative contributions of intra and intersexual selection (Fitze et al. 2008) , particularly in mating systems in which multiple traits may improve both fighting and mate choice. This can be especially difficult to determine in natural populations when it is not possible to isolate each type of selection.
Lizards have often provided model systems to elucidate the role of sexual selection (LeBas 2001; Meyers et al. 2006; Whiting et al. 2006; Baird et al. 2007; Irschick, Bailey, et al. 2007; Husak and Fox 2008) . Despite the richness of sexual selection studies in lizards, only recently have studies demonstrated that female choice may play a more important role than once thought in lizards (Baird et al. 1997; Lopez et al. 2002 Lopez et al. , 2006 Hamilton and Sullivan 2005; López 2006a, 2006b; Sullivan and Kwiatkowski 2007; Fitze et al. 2008) . Intersexual selection in polygynous lizards has generally been considered rare (Olsson and Madsen 1995; Tokarz 1995) , in part because a focus on only single traits (cf. multiple signals) may obscure the ability to detect intersexual selection (Hamilton and Sullivan 2005) . Consequently, most studies of sexual selection in lizards have almost exclusively focused on intrasexual selection; however, the combined effects of intra and intersexual selection on male traits together can be stronger than either is alone (Fitze et al. 2008) .
Sexual selection on males can result in the evolution of exaggerated secondary sexual characters, which may be indicative of selection on the underlying mechanism: whole-animal performance (Lailvaux and Irschick 2006a; Irschick, Bailey, et al. 2007; Irschick, Herrel, et al. 2007 ). For example, there is a positive correlation between male secondary sexual characters and bite force in some lizards Irschick et al. 2006; Meyers et al. 2006) . In chameleons, casque size may be such an indicator of bite force because individuals with larger casques should presumably have more jaw musculature, and in some chameleon species, casque height is correlated with male fighting success ). In the 2 species of chameleons we studied, Furcifer labordi and Furcifer verrucosus, one of the most conspicuous secondary sexual characters is the large, cranial casques of males. Despite that chameleons are well suited for studies of sexual selection, the effects of sexual selection on the evolution of body size and secondary sexual characters in them are largely unstudied (but see Parcher 1974; Stuart-Fox et al. 2006 ). The paucity of behavioral studies in this group is mostly a result of the difficulty associated with field research due to poor visibility in forest canopies, which is then compounded by the secretive and cryptic behavior of chameleons (Raxworthy 1988) .
The purpose of our study was to quantify and delineate the relative effects of both intra and intersexual selection in 2 closely related, sympatric species of chameleons that exhibit a strong potential for sexual selection on male secondary sexual characters and body size (Karsten et al. 2009 ). To elucidate the role of intra and intersexual selection, we used a multimodel information-theoretic approach to evaluate several candidate models (hypotheses) that explained patterns in male mating success (intersexual selection) and male fighting ability (intrasexual selection).
MATERIALS AND METHODS

Study site and species
Furcifer labordi is a medium-sized, sexually dimorphic, diurnal chameleon inhabiting the western and southwestern regions of Madagascar. In our study population, adult males had a mean snout-to-vent length (SVL) of 87.3 6 1.3 mm (mean 6 1 standard error, SE; n ¼ 99), whereas mean female SVL was 71.0 6 1.0 mm (n ¼ 55) (Karsten et al. 2009 ). Males also possess large cranial casques, have small (but numerous) cones along the dorsal crest, and also have notable rostral appendages ( Figure 1 ). Furcifer verrucosus is also a sexually dimorphic species, and in our study, population adult males had a mean SVL of 148.6 6 1.5 mm (n ¼ 51) and adult females 113.3 6 1.5 mm (n ¼ 30) (Karsten et al. 2009 ). This species also possesses a cranial casque but has larger (but generally fewer) dorsal cones and lacks a rostral appendage ( Figure 1 ). Like most other species of lizards in Madagascar, both species are seasonally active and reproduce during the wet season (Karsten et al. 2008) .
The study site, Ranobe forest (23°01#30$S, 43°36#36$E), was located in southwestern Madagascar, approximately 30 km north of Toliara. The forest of this region is spiny forest and vegetation is typically xerophyllous thickets that include the family Didiereaceae and the genus Euphorbia (Koechlin 1972) . Vegetation usually does not exceed 3 m but occasionally can be up to 10 m in larger tree species. The forest floor is sand. Toliara mean annual rainfall is 420 mm with the wet season typically from December to February (Jury 2003) : Mean monthly precipitation for these months is 89.9 mm (Vose et al. 1992) . Mean annual temperature is 24.2°C. Like most arid environments, daily (day vs. night) and seasonal (wet vs. dry) temperature differences are high. Daytime temperatures range from approximately 32 to 40°C during the breeding season (Karsten KB, unpublished data) .
All data were collected 20 December 2003-6 February 2004. We collected specimens at night when they were easiest to capture (Raxworthy 1988 ). On capture, we marked locations, placed lizards individually in cloth, mesh bags, and transported them to a base camp where they experienced the same environmental conditions as they would in the forest. We suspended the mesh bags from narrow cord to prevent predation from arboreal, nocturnal snakes. The following morning, we measured body size (SVL) and total length (TL) to the nearest 0.1 mm using calipers and measured mass using spring balances to the nearest 0.1 g (10 g) or 1 g (.10 g). In addition, we measured secondary sexual characters to the nearest 0.1 mm using calipers: rostral length, height, and width; cone height; jaw length; and casque height depth, and width. Rostral measurements were applicable only to F. labordi. Rostral length was the distance from the maxilla to the apex of the appendage, rostral height was the distance from top to bottom at the approximate midway point of the appendage, and rostral width was also taken at the approximate midway point. We measured cone height of the larger of the fourth or fifth cone along the dorsal crest, which was representative of the height of cones posterior to this. We measured jaw length from the angle of the jaw to the apex of the dentary bone. Casque height was the distance from the top of the cranium to the apex of the casque, casque width was width at the base of the casque, and casque depth was the distance from the anterior ridge of the casque to the posterior ridge, also measured at the base of the casque. We also counted cones in the dorsal crest of each species. However, especially Adult male Furcifer labordi with the prominent rostral appendage (i). Note that the head still has some small sections of partially sloughed skin attached. Adult female F. labordi, showing the high contrasting body pattern that is displayed to males (ii), which we interpret as a rejection. Adult male Furcifer verrucosus, with substantially elevated casque and prominent tubercles on the dorsal body ridge (iii). in F. verrucosus, smaller cones are often interspersed between larger cones. To be included in our count, each cone had to be at the same approximate height as the larger cones (i.e., we did not include these smaller cones). The cones of both species continue along the tail, becoming progressively smaller the more posterior they occur. Because these small, hard-todistinguish caudal cones were strikingly different than the majority of the dorsal crest, we chose our cutoff point to be the transition from the typical ''larger'' cones and the ''smaller'' cones that continued along the tail. The same 2 researchers (K.B.K. and L.N.A.) made all measurements and conferred for each count. To ensure consistency, they compared independent counts of random individuals and also compared multiple independent counts of a set of same individuals. Dorsal cone counts were consistent between the 2 persons and among repeated counts.
We gave all individuals a permanent identification by toeclipping the most distal phalanx in a 3-toe combination, with only one toe clipped per foot. We observed no adverse side effects of this marking procedure on the behavior and survivability of individuals, nor did we observe any partial or full phalanx regrowth to confuse individual markings. After arena trials (see below), we returned all lizards to their point of capture within 24 h.
Arena trials
The day after capture, we conducted all trials in an outdoor, neutral arena (none of the lizards were caught in the vicinity of the arena). Dyadic pairs were chosen randomly for all trials. The arena was approximately 131 m 2 and 2 m in height. We built the rectangular frame from small, cut saplings and covered it with a 1.25-cm square plastic mesh. Inside the arena was natural vegetation, which we trimmed back from the mesh. Two observers (K.B.K. and L.N.A.) carefully recorded all behavioral data from behind a blind. Preliminary studies revealed that the presence of observers concealed by a blind did not affect the behavior of either male or female chameleons alone or during social interactions (Karsten KB, unpublished data) .
We conducted 108 behavioral trials, each 30 min, resulting in 54 h of observation. We recorded the social behavior of each individual (described in detail in Karsten et al. 2009 ) for 47 male-female trials and 26 male-male trials with F. labordi, and 28 male-female trials and 7 male-male trials with F. verrucosus. Each individual was used only once in nearly all trials, except for 4 males (2 of each species) who were used in 2 trials each (1 male-male and 1 male-female trial in each case, separated by 3-21 days). In 36 of the 75 male-female trials (both species combined), females displayed sexually unreceptive coloration indicative of either being gravid or not yet having reached readiness in the sexual cycle; females in these trials rejected males 100% of the time (Karsten et al. 2009 ). For the present analyses, we excluded these trials, leaving 21 male-female trials with potentially, receptively, colored F. labordi and 18 with potentially receptively colored F. verrucosus. Unlike most other lizards, chameleons frequently use short-term, labile color signals to signal immediate social status, which can change in just seconds ( Figure 1 ). The coloration of potentially receptive females is distinct: Females with this coloration (both species) have reached sexual maturity and are in breeding condition. Thus, unsuccessful copulation by males with these females is either due to a male's inability to achieve intromission or behavioral rejection-a form of mate choice-by the potentially receptive female. During these trials, we classified the male as either ''successful'' if copulation occurred, or ''unsuccessful'' if no copulation occurred. The losers of the malemale interactions were those that fled the encounter, typically toward the ground, or became dislodged during a fight and did not return to interact. This protocol yielded a clear winner and loser for all trials. The social interactions of free-ranging, radio-tagged individuals were similar to those we observed during arena interactions (Karsten et al. 2009 ).
Statistical analyses
We measured or counted 11 morphological variables for F. labordi and 8 for F. verrucosus (the same 11 for F. labordi less the 3 rostral variables). Due to the large number of variables, we made an a priori reduction by selecting a subset of candidate variables representative of the traits most likely to be sexually selected (if present): body size (SVL), number of dorsal cones counted (CONES), dorsal cone height (CONEHT), and casque height (CSQHT) for both species, and rostral appendage length (RSTLEN) and width (RSTWID) for F. labordi. We recognize that some of the ''eliminated'' variables may also be sexually selected; however, our purpose for this was 2-fold. First, it was to reduce the number of variables for subsequent analyses, and even the inclusion of up to 6 variables reduced the number of candidate variables substantially. Second, variable reduction to a select few is a necessary requirement to effectively analyzing data using the information-theoretic approach , a method that we outline below. After the data reduction, we determined if any candidate variables were correlated with body size, and if so, we regressed each one against SVL to calculate residuals. We then used these residuals for subsequent model testing.
From the a priori reduction of variables, we built models (a set of alternative hypotheses) using combinations of the remaining variables. Each model was then subsequently tested using logistic regression, where the dependent variable was binary: either ''winner'' or ''loser'' for male-male trials, or successful or unsuccessful at copulation in male-female trials. To determine which model(s) best explained the binary outcome, we used an information-theoretic approach that focuses on the strength of evidence provided by a set of a priori alternative hypotheses rather than a statistical test of null hypotheses (Anderson et al. 2000; Burnham and Anderson 2002) . The Akaike Information Criterion (AIC), based on Kullback-Leibler information (Kullback and Leibler 1951; Anderson et al. 2000; Anderson and Burnham 2002; Burnham and Anderson 2002) , is an information-theoretic derivative of the log-likelihood function that provides the best measure of model fit in the case of observational data : The model with the lowest AIC is the most informative hypothesis. Due to a lower than preferred ratio of sample size (n) to model parameters (K), we used the secondorder criterion (AIC c ), which uses a bias-corrected term for smaller sample sizes . Like the AIC, the lowest AIC c reflects the best-fitting model, and all supported hypotheses were considered within 2 units of the smallest AIC c (Weller and Zabel 2001; Burnham and Anderson 2002; Compton et al. 2002 ). For each model, we also defined the number of estimable parameters (K), the difference in AIC c between the model of interest and the AIC c of the best model (DAIC c ), and the model's Akaike weight (x). The DAIC c allows for direct comparison of models relative to the best fitting, and the Akaike weight gives the relative weight each hypothesis carries in the overall explanation of the dependent variable.
For male-male trials, it would be inappropriate to use standard logistic regression because contest outcome is determined from trait values relative to the opponent and not absolute trait values. For example, if body size is important, then large males may be classified as losers simply because they were paired with an even larger male, not because their overall body size is ''small'' compared with the rest of the sample population. Because of this, we used a paired (or matched-case or conditional) logistic regression (no intercept model) (Hosmer and Lemeshow 2000; Keating and Cherry 2004) . To perform paired logistic regression, we calculated the differences for each variable by subtracting the loser's value from the winner's, then performed a standard logistic regression on the differences with the constant term excluded (Rocke and Samuel 1999; Hosmer and Lemeshow 2000; Compton et al. 2002; Row and Blouin-Demers 2006) . The results are interpreted as relative differences in morphology (Hosmer and Lemeshow 2000) . We used the same information-theoretic approach as we did for the male-female trials, employing AIC c for smaller sample sizes.
Odds ratios provide an additional interpretation of logistic regression models (Keating and Cherry 2004) , and we made use of them. In logistic regression, the odds of an event happening (the positive binary outcome in this example) increase by e b for every one unit change in x (Agresti 2002; Compton et al. 2002) , where b is the estimated coefficient and, in our data, x is the value state of the morphological variable included in the model. An odds ratio greater than one increases the odds of the event and an odds ratio less than one decreases the odds. For example, if the odds ratio for a given morphological variable is 1.50 for event A, then an increase of one unit along the axis of the morphological variable increases the odds of event A happening by 50%. An odds ratio of 0.75 indicates that an advance of one unit along the morphological axis decreases the odds of event A by 25%.
Although an information-theoretic approach is powerful in explaining model fit, it makes no distinction of model ''quality'' Burnham and Anderson 2002) . In some instances, possible candidate models may produce biologically unrealistic estimates (Compton et al. 2002) and therefore not achieve the goal of being a useful predictor of reliable parameter estimates. Worse yet, unstable parameter estimates indicate that the maximum of the log-likelihood is not found and the resultant information criteria (models) will be incorrect . Accordingly, we assessed the results of each model analysis and selected only the most robust (i.e., stable) models for interpretation. We assessed model stability in 3 ways. First, the statistical software explicitly identifies unstable parameters. Second, the 95% confidence interval (CI) of the odds ratios should not include 1.0 (Compton et al. 2002) . Third, we determined if the predictions of the odds ratios produced realistic magnitudes (i.e., not zero or infinity). Unstable models violated all of these criteria and were not included in the final interpretation of results.
Although multiple models with multiple variables may be the best-fitting explanations as a whole, it is also possible to determine the relative influence that each individual variable has in explaining the dependent variable. To determine which variables were under the strongest intra and intersexual selection pressures, we calculated the relative importance weight for each, x 1 (i) . These weights were calculated by summing the Akaike weights, x, of each model in which the variable occurs, thus allowing direct comparison of relative influence.
We performed all statistical analyses using the software JMP, version 7.0.1 (SAS Institute, Inc., Cary, NC).
RESULTS
Furcifer labordi
Using the 6, preselected variables, we tested 63 models using paired logistic regression, all of which were stable and consid-ered in the final interpretation of results. Body size (SVL) with residual RSTLEN and SVL alone were the 2 strongest supported hypotheses in explaining male fighting success (AIC c ¼ 55.30 and 56.84, x ¼ 0.11 and 0.08, respectively; Table 1 ). Additionally, 4 other hypotheses with combinations of SVL, residual RSTLEN, residual CSQHT, and even RSTWID were within 2 units of the lowest AIC c for the best supported hypothesis. The difference in SVL had the largest x 1 (i) and was the variable likely to be under the strongest intrasexual selection (x 1 (i) ¼ 0.72; Table 2 ). Perhaps body size of males in each pair was too disparate for any other variable to emerge as influential? We compared the difference in SVL of the pair with 1) the mean SVL of the sample population and 2) the mean SVL of the pair. In 62% of the trials for each comparison, males were size matched to within 5% of SVL (mean Table 1 Model selection results for paired logistic regression models used to determine which variables best explain whether a male wins a malemale encounter in Furcifer labordi (n 5 26)
Model
Log Results show the Log-Likelihood function (Log L), number of estimated parameters (K), the selection criterion (AIC c ), simple differences (DAIC c ), and Akaike weights (x). We found that body size and size-corrected rostral length best explained male fighting success, but that many of the other variables also contributed, but to a lesser extent ( difference 6 SE ¼ 6.0 6 1.6 mm). Additionally, 35% of trials resulted with smaller males winning the encounter even when up to 10.9 mm smaller SVL than the opponent, suggesting that factors other than body size likely significantly contribute to the contest outcome. Although body size (and likely all traits correlated with it) was the most important variable in determining the winner of male-male agonistic encounters, differences in size-corrected RSTLEN and size-corrected CSQHT also contributed substantially to male fighting success (Table 2) . SVL was greater in winning males (mean 6 1 SE: 82.0 6 2.6 mm, n ¼ 26) than losing males (77.3 6 2.7 mm, n ¼ 26) and CSQHT was also greater in winning males (10.1 6 0.5 mm, residual mean ¼ 0.05 6 0.15, n ¼ 26) than losing males (9.2 6 0.5 mm, residual mean ¼ 20.05 6 0.15, n ¼ 26). Rostral length was similar between winning males (6.4 6 0.4 mm) and losing males (6.5 6 0.5 mm), but winners tended to have smaller residuals (20.3 6 0.2, n ¼ 26) than losers (0.3 6 0.2, n ¼ 26). The best-fitting model of SVL and RSTLEN resulted in an odds ratio of 1.22 (95% CI ¼ 1.06-1.47) for SVL and 0.62 (0.33-1.10) for RSTLEN. Thus, for every 1-mm increase in SVL relative to an opponent, the odds of winning the fight increased 22% and for every 1-mm decrease in residual RSTLEN, the odds of winning the fight increased 38%.
Using the same 6 a priori variables for male-female trials, we also developed 63 models for standard logistic regression, 8 of which were unstable and not considered in the final interpretation. Of the remaining 55 models, the best supported hypothesis that explained male mating success was that which included SVL and size-corrected RSTWID (AIC c ¼ 17.9, x ¼ 0.27; Table 3 ). However, an additional 3 hypotheses-all of which included SVL and size-corrected RSTWID-were also supported (Table 3) . Of the 6 variables, residual RSTWID and SVL were most influential in determining whether or not males achieved copulation (x 1 (i) ¼ 0.99 and 0.84, respectively, Table 2 ). Successful males had wider rostral appendages (1.06 6 0.03 mm, residual mean ¼ 0.05 6 0.03, n ¼ 13) than unsuccessful males (0.87 6 0.02 mm, residual mean ¼ 20.08 6 0.02, n ¼ 8) and successful males had larger SVL (100.2 6 2.9 mm, n ¼ 13) than unsuccessful males (89.9 6 4.4 mm, n ¼ 8). For the best-fitting model of SVL and residual RSTWID, the odds ratio for SVL was 1.22 (1.04-1.68), meaning that an increase of 1 mm in SVL increased the odds of copulation by 22%. The odds ratio for residual RSTWID becomes difficult to interpret biologically because it is based on size-corrected data and not actual widths and the fact that mean widths were less than 1 measurable unit (1 mm). The odds ratio for residual RSTWID was an astonishing 1.66 3 10 15 (9.66 3 10 4 -4.29 3 10 38 ). Although it is not likely possible to increase the residual RSTWID by a full millimeter, this odds ratio clearly indicates that any increase in rostral width relative to body size dramatically improves the odds of mating success.
Furcifer verrucosus
Using only 4 preselected variables (the same as in F. labordi minus the 2 rostral appendage variables), we constructed and tested 15 models. However, 5 of the models failed our criteria for suitability (see Materials and Methods). Two hypotheses were considered supported in the final analysis: SVL alone and SVL with the number of CONES counted (AIC c ¼ 13.4 and 14.0, x ¼ 0.39 and 0.29, respectively; Table 4 ). Body size (SVL) was the most important variable in determining the winner of male-male agonistic encounters (x 1 (i) ¼ 0.81; Table 2 ): Winning males had larger SVL (154.7 6 2.6 mm, n ¼ 7) than losing males (142.6 6 4.6 mm, n ¼ 7). Similar to analyses on F. labordi, we compared the difference in SVL of the pair with 1) the mean SVL of the sample population and 2) the mean SVL of the pair. In 57% of the trials for each comparison, males were size matched to within 5% of SVL (mean difference ¼ 13.9 6 5.0 mm). Unlike in F. labordi, only 14% of trials resulted with smaller males winning the encounter, confirming that increased SVL is highly predictive of Table 3 Model selection results for logistic regression models used to determine which variables best explain male mating success in Furcifer labordi (n 5 21)
Model
Log L K AIC c DAIC c x SVL contest outcome. In contrast to winning males having larger SVL than losers, the number of CONES counted was fewer in winning males (21.1 6 1.0, n ¼ 7) than losing males (22.7 6 1.2, n ¼ 7). The odds ratio for the only variable included in the best-fitting model, SVL, was 1.18 (1.03-1.57). Thus, an increase in SVL by 1 mm greater than an opponent increased the odds of winning the fight by 18%. Although the result that larger males are better at winning fights than smaller males is similar to what we see in many other polygynous lizards, the small sample size precludes a strong inference of this hypothesis until further strengthened by a larger sample. Despite this, information-theoretic methods can be used with confidence with smaller samples if the appropriate criterion (e.g., AIC c ) is used (Anderson et al. 2000; Anderson and Burnham 2002; Burnham and Anderson 2002) . We developed 15 models for standard logistic regression using the a priori variables for male-female trials but discarded one due to its instability. Three hypotheses were supported as the ones that explained male mating success the best: sizecorrected CONEHT, number of CONES counted, and sizecorrected CSQHT; number of CONES counted alone; and number of CONES counted and residual CSQHT (AIC c ¼ 18. 1, 19.3, and 19.8, x ¼ 0.38, 0.21, and 0.16, respectively; Table 5 ). Successful males tended to have greater CSQHTs (16.5 6 0.9 mm, residual mean ¼ 0.49 6 0.62, n ¼ 9) than unsuccessful males (15.0 6 0.6 mm, residual mean ¼ 20.49 6 0.33, n ¼ 9), but the number of dorsal CONES we counted had the greatest weight (x 1 (i) ¼ 0.99; Table 2 ). Successful males tended to have similar-sized dorsal CONEHT, but smaller residuals (3.2 6 0.2 mm, residual mean ¼ 20.09 6 0.17, n ¼ 9), than losing males (3.3 6 0.3 mm, residual mean ¼ 0.09 6 0.23, n ¼ 9). We calculated odds ratios for each variable from the best-fitting model (residual CONEHT, CONES, and residual CSQHT). The odds ratio for number of cones counted was 0.27 (0.02-0.66); an increase of 1 CONES counted decreased the odds of successful copulation by 73%. The odds ratios for residual CONEHT and residual CSQHT are difficult to interpret for the same reasons provided previously (see intersexual selection results for F. labordi), but they were 1.67 3 10 24 (3.33 3 10 216 -0.52) for residual CONEHT and 20.92 (1.57-1.01 3 10 5 ) for residual CSQHT.
DISCUSSION
In vertebrate mating systems, sexual selection can strongly influence the evolution of morphological traits, producing substantial differences between the sexes in body size (Schü tz and Taborsky 2005; Raihani et al. 2006 ) and/or exaggerated secondary sexual characters (Berglund et al. 1996; Benson and Basolo 2006; Møller et al. 2006 ). In the present study, we found that in F. labordi, there was intrasexual selection for larger body size and smaller size-corrected rostral length (Tables 1 and 2) and intersexual selection for larger sizecorrected rostral width and larger body size (Tables 2 and  3 ). In F. verrucosus, we found intrasexual selection for larger body size and fewer counted dorsal cones (Tables 2 and 4) and intersexual selection for males that had fewer counted dorsal cones, increased size-corrected CSQHT, but shorter size-corrected CONEHT (Tables 2 and 5 ). It appears that sexual selection in the polygynous mating systems of these 2 vertebrates may explain their levels of sexual size dimorphism and the evolution of exaggerated secondary sexual characters.
Although cones do not appear to possess any functional advantage to achieving copulation, it is unclear why this trait varies with reproductive success in males attempting copulation with behaviorally receptive females. One hypothesis may be that the fewer dorsal cones that we counted may cor-relate with age or experience. In juvenile males, all dorsal cones are of the same relative height, and by our counting criterion (see Materials and Methods), juveniles would have higher dorsal cone counts. However, in adult males, only some of the cones grow to be tall (and were counted), whereas shorter, underdeveloped (uncounted) cones are interspersed. Thus, even though the actual number of cones an individual possesses does not change throughout its life span, heterogeneity in cone height does change with age; in F. verrucosus, this results in a decrease of counted cones with age, even among adults only (e.g., first year adult males compared with second year adults). This hypothesis seems plausible given the strong empirical support for increased male mating success with increased age or experience in many other vertebrate and invertebrate taxa (Adrian et al. 2008; Bitton et al. 2008; Fischer et al. 2008; Hale et al. 2008; Laskemoen et al. 2008; Ludwig and Becker 2008; Mainguy et al. 2008) .
We found that in F. labordi, both intra and intersexual selection were strong, particularly for body size. Sexual size dimorphism in this species is considerable. We also found evidence of sexual selection on the rostral appendage in males (Table 2 ) but in an apparently contrasting way: sexual selection for wider, but shorter, rostral appendages. How can these seemingly contradictory (positive in one dimension and negative in the other) selection pressures be present? One possibility is that shorter size-corrected rostral appendages interfere less with biting, which is the primary mode of combat in these and other, lizards. Contrasting this, wider sizecorrected rostral appendages are advantageous for mating success. It seems possible that selection for growth in one rostral variable (width) may inhibit significant reduction against the handicapping variable (length). Indeed, although there is intrasexual selection for shorter residual rostral length, mean rostral lengths were nearly identical among winners and losers. Thus, there may be selection to reach Table 5 Model selection results for logistic regression models used to determine which variables best explain male mating success in Furcifer verrucosus (n 5 18) Results show the Log-Likelihood function (Log L), number of estimated parameters (K), the selection criterion (AIC c ), simple differences (DAIC c ), and Akaike weights (x). We found that number of CONES, size-corrected cone height, and size-corrected CSQHT best explained male mating success, with the number of CONES being the most influential of the variables ( a minimum size threshold for RSTLEN in order to retain the functional advantage of rostral width for courtship, but absolute growth beyond this threshold would be inhibitory to winning fights. In most animals, rostral appendages are typically viewed as weapons for male combat likely to be under intrasexual selection (Andersson 1994; Emlen et al. 2005) , and in chameleons, the rostral appendages found in some species are used exclusively for male combat (Parcher 1974) . However, we found strong intersexual selection for the width of the rostral appendage. This may best be explained by their courtship behavior (Karsten et al. 2009 ). When males encounter a receptively colored female who is behaviorally resistant, males will often maneuver adjacent to the female and apply lateral pressure with the rostral appendage, which in some instances results in the female switching from behavioral rejection to behavioral receptivity (Karsten et al. 2009 ). Wider rostral appendages may be advantageous if females use the amount of pressure applied by the male as a possible cue for male physical performance, condition, or ''quality'' in their assessment of suitable mates. Although studies of other vertebrates and invertebrates have demonstrated a clear connection between male functional performance and female choice (Nicoletto 1991 (Nicoletto , 1993 Kotiaho et al. 1996 Kotiaho et al. , 1998 Mappes et al. 1996; Kotiaho 2000; Rivero et al. 2000; Kodric-Brown and Nicoletto 2001; Parri et al. 2002; Takahashi and Kohda 2004; Kodric-Brown and Nicoletto 2005) , it is seemingly rare in lizards Irschick 2006a, 2006b) . Our results may be the first lizard example of a link between a trait indicative of male performance (rostral width) and female choice. Further studies to determine if there is an explicit link between the width of the rostral appendage and functional performance during courtship will be necessary to test this hypothesis.
In other polygynous lizards, head size positively correlates with bite force in males (Herrel et al. 1999 (Herrel et al. , 2001 and bite force can predict social dominance (Lailvaux et al. 2004; Huyghe et al. 2005; . Therefore, stronger bite force may aid males in potentially acquiring better, high-quality territories than those males with weaker bite forces (Lappin and Husak 2005) . In some chameleons, residual CSQHT is correlated with bite force (Herrel A., unpublished data) and casque size accurately predicts male fighting ability ). Although we predicted CSQHT to be under strong intrasexual selection in both species, it had less influence on male fighting success than we expected. Size-corrected CSQHT does appear to play some role in the outcome of fights but more so in F. labordi than in F. verrucosus (Table 2) . However, for both species, it is also possible that casque size is not the best indicator of male fighting ability, but instead it is the performance associated with it (bite force) that may be the underlying target of sexual selection (Lailvaux and Irschick 2006a; Irschick, Bailey, et al. 2007; Irschick, Herrel, et al. 2007) . Future sexual selection studies that directly measure bite force and mating-fighting success may better elucidate the role of the casque in chameleon social systems.
Detecting and clearly identifying female choice can be difficult. Lack of male mating success may be due to potential confounding factors such as lack of male motivation to court a female or even mate selection by the male. Either scenario could give the false illusion that there is female choice, when in reality, it is the male that is not interested in the female. Might this be the case in these chameleons? We compared male motivation (latency to initiate courtship, in seconds) between successful and unsuccessful males. In F. labordi, there was no significant difference between groups (Mann-Whitney U ¼ 64.0, P ¼ 0.09), although unsuccessful males tended to initiate courtship sooner (58.0 6 27.9 s, n ¼ 8) than successful males (204.5 6 69.4 s, n ¼ 13). We see similar results when comparing successful and unsuccessful male F. verrucosus: There is no significant difference between groups (Mann-Whitney U ¼ 66.0, P ¼ 0.60), although unsuccessful males tended to initiate courtship sooner (171.0 6 66.9 s, n ¼ 9) than successful males (239.9 6 98.7 s, n ¼ 9). It appears that unsuccessful males of both species are motivated to mate with females. Despite initiating courtship, perhaps unsuccessful males use a selection criterion to choose to avoid mating with females? One criterion might be female body size; preferentially mating with larger females could increase male mating success through a fecundity advantage. This does not appear to be the case in these chameleon species: Furcifer labordi females that mated were not significantly larger than females that did not (t-test: t ¼ 20.63, P ¼ 0.54; mated female SVL ¼ 76.1 6 1.2 mm, n ¼ 13; unmated female SVL ¼ 77.2 6 1.3 mm, n ¼ 8) nor were there significant differences between mated and unmated F. verrucosus females (t-test: t ¼ 21.58, P ¼ 0.13; mated female SVL ¼ 109.3 6 1.4 mm, n ¼ 9; unmated female SVL ¼ 113.9 6 2.5 mm, n ¼ 9). Results of comparing body mass of mated and unmated females were identical. Even without male choice for fecundity advantage, males may preferentially court novel females over familiar females, as is the case in some other lizards (Orrell and Jenssen 2002) . Because all females used in intersexual selection trials were novel to test males, this does not explain the variation in male mating success. Thus, in both species, males appear to be motivated to mate with all females and also do not exhibit any obvious form of preferential mate selection. Intersexual selection is a more plausible explanation for variation in male mating success in these chameleon species.
Historically, mate choice in lizards has generally been considered less pervasive than in many other vertebrate mating systems. However, as others have recently demonstrated, mate choice in lizards may play a more important role than once thought (Baird et al. 1997; Lopez et al. 2002 Lopez et al. , 2006 Hamilton and Sullivan 2005; López 2006a, 2006b; Sullivan and Kwiatkowski 2007; Fitze et al. 2008 ). Instead of a side-byside choice between 2 potential mates, it seems plausible that sequential appraisal of mates may better represent choices made by female lizards in nature. Although our methodology did not present females with pairs of males, the females' choices to either mate or behaviorally reject mating with individual males demonstrates either obvious (F. labordi) or less obvious (F. verrucosus) forms of mate choice. Our present study confirms the presence of direct, overt female choice in F. labordi, which contributes to the growing body of literature that demonstrates the presence of mate choice in lizards.
Our results indicate the presence of both intra and intersexual selection on male body size and secondary sexual characters in both species. But males may adopt strategies to maximize potential fitness even if they do not possess advantageous traits, which is the case in smaller males of some lizards (Jenssen et al. 2005) . Potentially, males with superior fighting ability may have more access to females than losers, and therefore, intersexual selection would have less impact on morphological evolution than intrasexual selection. The most likely candidate species for this scenario are those in which males establish territories encompassing the home ranges of many females. This scenario appears unlikely in the 2 chameleon species of this study: Furcifer labordi males (and even females to a lesser degree) wander vast relative distances daily and F. verrucosus males also occupy relatively large home ranges that do not overlap multiple females (Karsten KB, unpublished data) . This, corroborated by findings in this paper, makes it seem likely that intersexual selection plays a more substantial role in these chameleons than in more ''typical'' territorial lizard species.
In many other vertebrates, intersexual selection for multiple traits together may be of greater relative importance than for individual traits alone (Marchetti 1998; Calkins and Burley 2003; Hamilton and Sullivan 2005; McGlothlin et al. 2005; Stuart-Fox et al. 2006; Taylor et al. 2007) . In our study, we showed that female choice/male mating success in F. labordi and female choice in F. verrucosus were not predicted the best by a single individual trait, but rather there was selection for multiple male traits. Intuitively, multiple traits provide multiple forms of information to females regarding male quality or the most suitable mates (Candolin 2003) . Presumably, males also may be able to assess multiple traits immediately prior to either initiating or fleeing a fight. In the mating systems of F. labordi and F. verrucosus, both intra and intersexual selection are acting on suites of morphological variables because we found that nearly all the best supported hypotheses were multivariate, even when accounting for the correlation of these variables with body size.
Chameleons may be an ideal group to study the evolution of these traits through sexual selection because they are morphologically diverse, highly visual with elaborate and conspicuous displays, and males often possess exaggerated secondary sexual characters (Parcher 1974; Bickel and Losos 2002; Stuart-Fox et al. 2006; Karsten et al. 2009 ). Our results explain how some of these traits may have evolved in these 2 sexually dimorphic species adorned with secondary sexual characters. In F. labordi, large body size was important for both mating and fighting success in males, and to a lesser extent, so was reduced sizecorrected rostral length, presumably to reduce interference with biting during combat. We also found strong support for the evolution of their rostral appendage (width), which was of even greater relative importance in explaining male mating success than SVL, even when corrected for body size. Body size was also important for male fighting success in F. verrucosus, and although females of this species are less behaviorally overt than F. labordi in their mate choice, there may be a cryptic mode of intersexual selection for increased age/experience (fewer CONES). Our results may shed light not only on the evolution of sexually selected traits in other chameleons with similar morphological combinations, but also the maintenance of these secondary sexual characters.
Vertebrate mating systems are rich with variation in their degree of sexual size dimorphism and exaggerated secondary sexual characters. These traits may differentially contributeeither singularly or in combinations-to differential fitness by improving fighting ability, mating success, or both. Our study, like others, demonstrates that sexual selection can have a strong effect on suites or combinations of traits in vertebrate mating systems; the strength of selection on suites of traits can be greater than on individual traits alone. Although generally difficult to disentangle the relative contributions of intra and intersexual selection on multiple traits, we determined the influence of both forms of sexual selection on body size and secondary sexual characters in these 2 vertebrate species. Field studies in Madagascar were made possible due to the assistance of the Ministries des Eaux et Forêts, the Association Nationale pour la Gestion des Aires Protégées, and the Université d'Antananarivo, Département de Biologie Animale. We thank D. Rakotondravony and O. Ramilijaona for their assistance with the project and H. Thomas and D. Kidney for valuable logistical advice. We thank T.A. Baird, M. Lovern, and M. Palmer for comments on an earlier version of the manuscript and A. Herrel for unpublished data on bite force. We also thank A. Roberts and M. Palmer for statistical advice.
